Cognitive tasks impact postural control when performed concurrently as dual-tasks. This is presumed to result from capacity limitations in relevant brain regions. We used functional near-infrared spectroscopy (fNIRS) to measure brain activation of the left motor, temporal, and dorsal-lateral prefrontal brain regions of younger (n = 6) and older (n = 10) adults. Brain activation was measured during an auditory choice reaction task (CRT) and standing on a dynamic posturography platform, both as single-tasks and concurrently as dual-task. Body sway was assessed by median absolute deviation (MAD) of anterior-posterior translation of the center of mass (COM). Brain activation was measured as changes in oxy-hemoglobin by fNIRS. During both single-and dualtask conditions, we found that older adults had greater brain activation relative to younger adults. During dual task performance, the total activation was less than expected from the sum of individual conditions for both age groups, indicating a dual-task interference (reduction in younger adults = 53% [p = 0.02]; in older adults = 53%; [p = 0.008]). This reduction was greater for the activation attributable to the postural task (reduction younger adults = 75% [p = 0.03]; older adults = 59% [p = 0.005]) compared to the CRT task (reduction younger adults = 10%, [p = 0.6]; older adults = 7.3%, [p = 0.5]) in both age groups. Activation reduction was not accompanied by any significant changes in body sway in either group (older adults: single-task MAD = 0.94 cm, dual-task MAD = 1.10 cm, p = 0.20; younger adults: single-task RMS = 0.95 cm, dual-task MAD = 1.08 cm, p = 0.14). Our results indicate that neural resources devoted to postural control are reduced under dual-task conditions that engage attention.
A B S T R A C T
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Introduction
Postural control requires sensorimotor integration of vestibular, visual, proprioceptive, and tactile information. One theory proposes that this sensory information is continually utilized and reweighted by the brain to facilitate upright posture [1] . In healthy individuals, the integration of this information in higher brain centers is mostly automatic [2] . However, brain aging can reduce automaticity and increase the neural resources needed for postural control, contributing to risk for disability and falls [3, 4] . Loss of automaticity becomes particularly apparent under dual-task conditions in which cognitive and postural tasks are completed concurrently, causing competition for neural resources. Dual-task impairments are more likely in older than younger adults due to loss of efficiency in attention networks [2] . Therefore, older adults may require greater recruitment of neural resources in order to perform as well as younger adults under dual-task conditions. When cognitive or postural tasks are performed alone, a majority of neural resources can be devoted to that task allowing for optimal performance. When the two tasks are completed concurrently, as is more typical in real life situations, sufficient neural resources may not be present to perform both tasks optimally.
Age-related impairments in standing postural control are associated with declines in executive function and related centers in the brain . Balance likely engages attentional processes to varying degrees, depending on task difficulty and the age and capabilities of the individual [5, 11] . Difficult cognitive tasks may impair postural control by creating competition for resources [2] . While previous standing postural dual-task studies have assessed behavioral performance, none have assessed the neural resources utilized. Understanding neural allocation of resources during dual-task can elucidate underlying mechanisms and may inform intervention approaches and improve risk assessment.
Functional near-infrared spectroscopy (fNIRS) is a non-invasive neuroimaging technique that can be used during balance and gait tasks [12] [13] [14] [15] . It uses low levels of light to record changes in oxy-and deoxyhemoglobin in the brain. We used fNIRS to investigate neural activation in younger and older adults performing a cognitive auditory choice reaction time (CRT) task and a standing dynamic postural control task on a dynamic posturography platform. Participants completed each task separately as single-tasks and concurrently as dual-task. fNIRS recorded brain activity from the left primary motor, pre-motor, temporal, and dlPFC brain regions. We hypothesized that older adults would have greater activation of these areas during dual-task compared to younger adults, because older adults have lower neural efficiency. We further hypothesized that activation observed during dual-task would be lower than expected from the simple sum of two single-task activations, indicating capacity limitations.
Methods

Subjects
Ten older (age range 66-81; seven female) and six younger (age range 22-30; two female) adults were screened for balance and neurologic abnormalities (see Supplemental Methods). Older adults were screened for cognitive impairment with the Repeatable Battery for Neuropsychological Status (RBANS) [16] . Participant characteristics are in Supplemental Table 1 . The University of Pittsburgh institutional review board approved all procedures and participants provided written informed consent.
Experimental design
Three tasks were completed: 1) postural control: single task of standing on a dynamic posturography platform, 2) attention: single task of an auditory choice reaction time (CRT) task while seated, and 3) dual-task: combined postural control and attention tasks. All trials were 121 s with 30 s of quiet sitting or standing at beginning and end to serve as baseline conditions. The fNIRS and balance response were measured relative to baseline conditions. Each condition was repeated three times with order randomized for each subject. Results of the three trials were averaged for all analyses.
Postural control task
Subjects stood with feet together and eyes closed on a dynamic posturography platform (NeuroTest, Neurocom International). A swayreferenced platform condition was used in which the platform rotated in the sagittal plane in proportion to the subject's body tilt [1] . Body sway was measured by a magnetic tracking device (Fastrak, Polhemus) with a sensor on the lower back at the height of the iliac crest. The median absolute deviation (MAD) of the center of pressure translation of the low back sensor in the anterior/posterior direction was computed for postural sway. A harness prevented injury from falls but did not impede sway or give positional feedback.
Attention task
An auditory CRT task presented participants with a 250 ms 80 dB sound pressure level tone at high (980 Hz) or low frequency (560 Hz). Participants responded with either a right-or left-hand button, depending on the frequency, which was randomly assigned before the trial. Presentation of stimuli occurred at random intervals with an interstimulus time between 2 and 6 s to reduce predictability. Response time in milliseconds (ms) was recorded. 
